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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present Invention relates to techniques for forming 
semiconductor thin films to he used for a semiconductor device 
such as a thin film transistor- Particularly, the present 
invention relates to a technique of forming a semiconductor film 
bY xight irradiation. For example, the present invention is 
applicable to a technique of obtaining a field-effect 
transistor by forming a gate insulating layer on a single- 
crystal silicon film, and a driving circuit for a display, a 
sansor. etc. that are structured by these semiconductor thin 
films and field-effect thin film transistors. 
2. Description of the Related Art 

First, state-of-the-art techniques in the above- 
desoribed technical field will be explained in detail, and 

problems will be pointed out. 

As representative techniques of forming a thin-film 
transistor (TFT) on a glass substrate, there have been Known 
a hydrogenated amorphous silicon (a-Sl:H) TFT technique and a 
poly-crystal silicon (poly-Sl) TFT technique. The a-Si:H TFT 
technique has a maximum temperature of about 300 °C in a 
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manufacturing process . and achieves a carrier mobility of about 
1 cmVVsec. This technique is used as a switching transistor 
Cor each pixel in an active matrix type (AM- ) liquid crystal 
display (LCD) . This switching transistor is driven by a driver 
5 integrated circuit (an LSI formed on a single -crystal silicon 
substrate) disposed on the periphery of a screen area. Since 
a switching TFT is provided for each pixel, this has a feature 
that it is possible to obtain a satisfactory picture quality 
by reducing cross- talks, as compared with a passive matrix type 
10 LCD that sends an electric signal for driving a liquid crystal 
from a separate peripheral driver circuit. 

On the other hand, the poly-Si TFT technique uses a 
high- temperature process similar to LSI process of about 1.000 
°C by using, for example, a quartz substrate. Thus, it Is 
15 possible to obtain a carrier mobility of 30 to 100 cmVVsec . 
Since such a high carrier mobility can be realized, when this 
is applied to a liquid crystal display, for example, it is 
possible to simultaneously form a pixel TFT for driving each 
pixel and a peripheral driving circuit on the same substrate. 
20 Therefore, there Is an advantage that It is possible to 

contribute to a reduction in the manufacturing process cost and 
to reduce the size of a device. Along with a reduction in the 
size of a device and an Introduction of a high resolution, a 
bonding pitch between an AM-LCD substrate and peripheral driver 
25 integrated circuits must be made smaller. A tape automated 
oonding or a wire bonding method cannot cope with this 
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situation . 

However, a low- cost low- softening-point glass that can 
be used for the a-Si:H TFT technique cannot be used in the 
poly- crystal silicon TFT technique because of the above - 
described high- temperature process . For improving this point . 
it is necessary to lower the temperature in the poly- crystal 
silicon TFT technique. In order to meet this requirement , there 
has been progressed a research and development of a technique 
of forming a poly-crystal silicon film at low temperature. 

As has been known, generally, the laser crystallization 
is achieved by using a pulse laser beam irradiator, 
y Fig. 1 is a schematic vlfew showing one example of a 

structure of a pulse laser beam irradiator. A laser beam 
supplied from a pulse laser »4aia source ( 1101 ) reaches a silicon 
thin film (1107) on a gla/s substrate (1109) as an irradiated 
object through an optical path defined by optical devices such 
as mirrors (1102. lio/. 1105) and a beam homogenizer (1104) 
installed for homogenizing a spatial intensity. Generally, 
since one irradiation range is small, a laser beam irradiation 
is carried out at L desired position on the glass substrate by 
moving the substrate on an x-y stage (1109) . There is also a 
method of moving the optical devices or combining the optical 
devices wlthythe stage instead of moving the x-y stage. 

For example, an example of mounting a substrate on an 
x-direction stage and mounting a homogenizer on a y-dlrection 
stage is shown in a paper written by J. Im and R. Sposlll. 
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-Crystalline Si films for integrated active -matrix- liquid- 
crystal displays". Materials Research Society Bulletin 
magazine, vol. 21, (1996), 39 (hereafter, referred to as 

publication 1) . 

A laser beam irradiation is also carried out in vacuum 
or in a high-purity gas atmosphere within a vacuum chamber . The 
publication 1 also describes that, as demanded, a cassette 
(1110) storing a glass substrate on which a silicon thin film 
is formed and a substrate carrying mechanism (1111) are also 
provided to mechanically take out the substrate from the 
cassette to the stage and accommodate the substrate in the 
cassette . 

Further, there is also disclosed a technique o£ 
crystallizing an amorphous silicon thin film on an amorphous 
substrate by Irradiating a short -wavelength pulse laser beam 
and applying this to a thin-film transistor in Japanese Patent 
Application Examined Publication No. 7-118443. According to 
the disclosed method, it is possible to crystallize amorphous 
silicon without heating the whole substrate to a high 
temperature. Therefore, there is an advantage that it is 
possible to manufacture a semiconductor device or a 
semiconductor integrated circuit on a large area like a liquid 
crystal display or on a low-cost substrate like glass. 

However, as described in the publication, an irradiation 
intensity of about 50-500 mJ/cm* is necessary for crystallizing 
an amorphous silicon thin film by using a short -wavelength laser 
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beam. On the other hand, a light- emission output of a pulse 
laser device generally obtainable at present is about 1 J/pulse 
at maximum. Therefore, based on a simple conversion, an area 
that can be processed by irradiation at one time is only about 
2 to 20 cm 2 . Therefore, in order to crystallize by laser beams 
the whole surface of a substrate having a substrate size of 47 
x 37 cm. for example, it is necessary to Irradiate laser beams 
to at least 87 positions, or 870 positions depending on a 
condition . When the substrate has a large size like a substrate 
size of 1 by 1 meters square, the number of positions where 
irradiation is necessary increases accordingly. The laser 
crystallization in this case is also carried out by using a pulse 
laser beam irradiator of the structure shown in Fig. 1. 

in order to form a plurality of thin film semiconductors 
homogeneously on a large-area substrate by applying the above 
method, it has been known that a technique as disclosed in 
Japanese Patent Application Unexamined Publication No. 3- 
315863. for example, is effective. That is, a method of 
dividing semiconductors into areas, each being smaller than a 
beam size, and based on a step -and- repeat manner, sequentially 
repeating an irradiation of a few pulses + a move of an 
irradiation area + an irradiation of a few pulses + a move of 
an irradiation area «• — , is effective . There is also a control 
method that a laser beam oscillation and a move of a stage (that 
is . a substrate) or a beam are carried out alternately, as shown 
by a laser operation method in Fig. 2A. 
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However, according to this method, even when a currently 
available pulse laser device having oscillation intensity 
homogeneity of ± 5 to 10 % (during a continuous oscillation) 
is used, there is the following problem. For example, when an 
irradiation of 1 pulse to 20 pulses /position is repeated, an 
oscillation intensity variance exceeds ± 5 to 10 * . As a result , 
the homogeneity of a poly- crystal silicon thin film and 
poly- crystal silicon thin film transistor characteristics 
obtained is not sufficient. Particularly, an occurrence of a 
strong beam or a weak beam caused by an unstable discharging 
at an initial stage of a laser beam oscillation, which is called 
a spiking, is one of factors of lnhomogenelty . 

In order to correct the above difficulty, a method of 
controlling an applied voltage at the time of a next oscillation 
based on a result of intensity accumulation has been also known. 
However, this has a problem in that a weak beam is oscillated 
although it is possible to restrict an occurrence of spiking. 

As shown in Fig. 3, when an irradiation time and a 
non-irradiation time continue alternately, the intensity of a 
first pulse oscillated during each irradiation time becomes 
most unstable and varies. Further, an irradiation intensity 
hysteresis is different depending on an irradiation position. 
Therefore, there arises a problem that it Is not possible to 
obtain sufficient homogeneity of transistors and thin film 
integrated circuits on the substrate. 

as another method of avoiding such a spiking, there has 
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been known a method of avoiding the spiking by starting a laser 
beam oscillation before starting an irradiation in the device 
forming area, as shown in Fig. 2B. However, this method cannot 
be applied when a laser beam oscillation and a stage move as 
shown in Fig. 2A are repeated intermittently. 

In order to avoid these problems, Japanese Patent 
Application Unexamined Publication No. 5-90191 has proposed a 
method of continuously oscillating beams from a pulse laser beam 
source and not irradiating to a substrate during a stage move 
period by using a light shielding device. In other words, as 
shown in Fig. 2C, laser beams are oscillated continuously in 
a certain frequency, and a move of a stage to a desired 
irradiation position and a shielding and a release of an optical 
path are synchronized. This makes it possible to irradiate a 
desired irradiation position with a laser beam of a stable 
intensity. According to this method, it becomes possible to 
irradiate stable laser beams to the substrate. However, this 
method has a problem in that a wasteful laser beam oscillation 
increases that does not contribute to the formation of a 
poly-crystal silicon thin film. Further, productivity of a 
poly-crystal silicon thin film to the high-cost laser beam 
source and the life of an excitation gas are lowered, and 
productivity of a poly- crystal silicon thin film to electric 
power required for a laser beam oscillation is lowered. 
Therefore, the production cost increases. 

Further, when a substrate has been irradiated with a laser 
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beam of an excessive intensity as compared with the desired 
intensity due to a variance of the irradiation intensity, there 
is a risk of an occurrence of damage to the substrate. 
Particularly, after a laser beam has been transmitted through 
a substrate in an imaging device like an LCD. this incurs a light 
scattering in a damaged area of the substrate, which results 
in a reduction in the picture quality. 

Next, a technique of compressed-projecting a pattern on 
an optical mask onto a silicon thin film and crystallizing It 
according to the pattern is disclosed, for example, in a paper 
written by R. Sposlll and J. Im, "Sequential lateral 
solidification of thin silicon films on S1<V, Applied Physics 
Letters, vol. 69, (1996), 2864 (a publication 2), and a paper 
written by J. Im, R. Sposili and M. Crowder, "Single-crystal 
Si films for thin film transistor devices". Applied Physics 
Letters, vol. 70, (1997), 3434 (a publication 3). 

According to each of the above publications 2 and 3, a 
compressed projection of about 1 : 5 is carried out by using 
308nm excimer laser, a variable -energy attemiater, a 
variable- focus field lens, a patterned-mask, a two-clement 
imaging lens , and a sub -micrometer -precis Ion translation stage. 
Thus, a beam size of Mm order and a moving pitch of a substrate 
stage of Um order axe achieved. 

However, when this method is used for processing a large 
substrate as described above, a laser beam with which the 
optical mask is irradiated has a spatial intensity profile 
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depending on the light source . Therefore , a critical intensity 
distribution deviation occurs in an exposure pattern 
transmitted through the center and the periphery of the mask, 
for example. This has made it impossible to obtain a 
crystalline silicon thin film having a desired homogeneity. 
Further, since an ultraviolet ray having a short wavelength is 
compressed-projected, the depth of focus is small, which has 
a problem of generating an irradiation depth deviation due to 
a camber and a flexure. Further, as the substrate becomes 
larger, it becomes difficult to secure a mechanical precision 
o£ the stage. Furthermore, a declining of the stage and a 
deviation of the substrate on the stage during a move adversely 
affect the desired irradiation condition of a laser beam. 

in carrying out the above laser beam irradiation, a method 
of emitting a plurality of pulses with a certain delay time has 
been disclosed in a paper.- Ryoichi Ishihara et al. . "Effects 
of light pulse duration on eximer laser crystallization 
characteristics of silicon thin films". Japanese journal of 
applied physics, vol. 34, No. 4A, (1995) pp 1759 ( a publication 
4). According to this publication 4, the crystallization 
solidification rate of a molten silicon in a laser 
recrystallization process is 1 m/sec or above. In order to 
obtain a satisfactory crystallization growth, it is necessary 
to lower the solidification rate. When a second laser beam 
pulse is emitted immediately after a completion of the 
solidification, a recrystalllzatlon process with a small 
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solidification rate is obtained by the second irradiation. 

According to a temperature change (a time- varying 
temperature curve) of silicon as. shown in Fig. 4, the 
temperature of silicon rises along with the irradiation of laser 
5 energy (for example, an intensity pulse showing a waveform in 
Fig. 5). When a starting material is a-Si, the temperature 
further rises after passing a fusing point of a-Si. When the 
supply of energy becomes lower than a value necessary for a 
temperature rise, cooling starts. At a solidification point 

10 of the crystalline Si, solidification is carried out and then 
the solidification finishes. After that, the crystalline Si 
is cooled to an atmospheric temperature. When the 
solidification of the silicon proceeds in a film- thickness 
direction starting from a silicon-substrate interface, the 

15 average value of the solidification rate is expressed by the 
following expression : 

Average value of solidification rate = film thickness of 
silicon / solidification time. 

In other words, when the silicon film thickness is 

20 constant , it is necessary to make longer the solidification time 
so as to make the solidification rate slower. Accordingly, in 
a process of maintaining an ideal state in terms of thermal 
equilibrium, it is possible to expand the solidification time 
by Increasing an ideal input energy, that is, laser beam 

2 5 irradiation energy. 

However, as pointed out in the above publication, there 
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is a problem that an increase in the irradiation energy causes 
the silicon film to be amorphous or of fine crystallization. 
In the real fusion and recrystalllzatlon process, the ideal 
temperature change as shown in Fig. 4 is not obtained. 
Generally, the temperature is raised excessively during a 
heating time, and the temperature is lowered excessively during 
a cooling, and then a stabilized state reaches. Particularly, 
when the cooling rate during the cooling period is large and 
a process of excessive cooling is experienced, crystallization 
does not occur near the solidification point. Instead, an 
amorphous solid is formed by a rapidly cooled solidification. 
In the case of a thin f 11m r instead of forming an amorphous film, 
a fine crystallized film is formed depending on the condition, 
as described in the above publication. The fine crystal film 
has extremely small particles as compared with a poly-crystal 
Lhin film or a single-crystal thin film. Therefore, this has 
a problem in that there exist a large number of crystalline grain 
boundaries of a large grain boundary potential , and an ON 
current is lowered or an of f -leak current increases when this 
method has been applied to a thin-film transistor, for example. 

Fig. 6 shows a maximum cooling rate (Cooling rate, K/sec) 
obtained by numerical computation when an excimer laser beam 
of a wavelength 308 nm has been emitted onto a silicon thin film 
of a film thickness 7 5 nm, and a threshold value of irradiation 
intensity for crystallization to fine crystallization obtained 
from an SEM observation of the film after the laser beam 
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irradiation. A pulse waveform of a laser beam emission used 
for the experiment is shown in Fig . 5 . This has three main peaks , 
and the light emission time is about 120 nsec. This pulse 
waveform has a light emission time of more than five times that 
of a square pulse of a pulse width 21.4 nsec that is assumed 
and described in the publication 4, Therefore, it can be 
expected that a reduction in the solidification rate as 
described in the publication 4 can be achieved in a single pulse 
irradiation . 

A temperature -time curve of silicon obtained by numerical 
computation at the time of a laser recrystallization using the 
above pulse waveform becomes as shown in Fig, 7. 

Fig. 7 shows a temperature change of a silicon thin film 
when the silicon thin film has a film thickness of 7 5 nm, a 
substrate used is SiO a , and irradiation intensity of XeCl laser 
beam (a wavelength of 308 run) is 450 mJ/cm 2 . The temperature 
reached a maximum temperature in about 60 nsec after a peak of 
a second light emission had almost finished, and then the 
cooling is started. (In the present numerical computation, the 
fusion and solidification point values of amorphous silicon is 
used in this case, A behavior near the solidification point 
is different from a real one . Particularly, when a crystallized 
film is obtained, the crystallization is completed near the 
solidification point of the crystalline silicon) . 

It can be known that the cooling is started by once having 
a large tilt, and the tilt of about 100 nsec when a third peak 
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exists becomes very small. After a lapse of 120 usee when the 
light emission finishes completely, a rapid cooling occurs 
again, and then solidification occurs. Generally, in the case 
of a process of solidification from a liquid that has been 
5 subjected to "rapid cooling* that greatly deviates from a 
thermal equilibrium process, it is not possible to obtain 
sufficient solidification time necessary for forming a crystal 
structure, and an amorphous solid is formed. 

Fig. 6 shows an estimated result of a maximum cooling rate 

10 after finishing a light emission at each Irradiation intensity 
based on the temperature -time curve of silicon shown in Fig. 
7. It can be Known that the cooling rate increases along with 
an increase in the irradiation intensity. On the other hand, 
a structure of a silicon thin film after the laser beam 

15 irradiation has been observed with a scanning-type electronic 
microscope. As shown in Fig. 6, a particle size once increases 
along with an increase in the irradiation intensity. However, 
a fine crystallization has been observed under a set irradiation 
intensity condition of about 470 mJ/cm z , Similarly, when the 

20 number of irradiation pulses has been set to three pulses , a 
partially fine crystallized area remains under the set 
irradiation intensity condition of about 470 mJ/cm z . However, 
unlike the case of one pulse, a remarkable Increase in the 
particle size has been observed (see Fig. 8 showing a crystal 

25 state of a laser recrystallized silicon thin film corresponding 
to each irradiation intensity and number of irradiation) . 
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Actual irradiation intensity becomes about 5 to lo % 
higher than a set value particularly In a first few pulses of 
an excimer laser beam- Therefore, a threshold intensity at 
which a fine crystallization occurs can be estimated as about 
500 mJ/cm 2 . From the above result, by assuming a cooling rate 
based on the condition of 500 mJ/cm 3 shown in Fig. 6, it has 
been known that a fine crystallization occurs under the cooling 
rate condition of about 1.6 x 10 10 °C/sec or above. When an 
irradiated film is a- Si, a fine crystallization occurs under 
Lhe condition of about 500 mJ/cra 2 or above. Similarly, when 
an irradiated film is poly-Si, by applying this cooling rate, 
an irradiation intensity that is about 30 mJ/cra 2 larger than 
that of a- Si is indicated- Therefore, by controlling the 
cooling rate to 1-6 x 10 100 C/sec or lower, it becomes possible 
to prevent a fine crystallization and an amorphous state. As 
a result, it is possible to obtain a satisfactory crystal 
growing process. 

Next , an introduction of a second laser beam by delaying 
it after a first laser beam will be explained. As already 
described, a laser beam at a later period of light emission 
mitigates an increase in the cooling rate, and the cooling rate 
after finishing the light emission rules the crystallization. 
In other words, it is considered that the preceding cooling 
process is initialized by energy finally introduced. When 
further additional energy is introduced, the process is 
considered to be once initialized and solidification is 
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repeated again even if an amorphous state and fine 
crystallization has occurred due to rapid cooling in the 
preceding solidification process, because energy has been 
stored. (Because of a short period of time like a nanosecond 
order, thermal conduction to the substrate and irradiation to 
the atmosphere is considered to be small ♦ Of course, the time 
during which a sufficient heat discharging is possible is not 
taken into consideration. ) Therefore, it is possible to expect 
a satisfactory crystal growth by a rapid cooling rate after 
finishing a secondary heating by the energy input again. As 
a maximum cooling rate and a cooling rate near a solidification 
point show in Fig. 9, the cooling rate is controlled to a desired 
value by controlling the delay time. 

On the other hand, a technique of carrying out a process 
of forming an a- Si thin film as a laser beam irradiated material , 
a laser beam irradiation process, a plasma hydrogenation 
process and a process of forming a gate insulation film, 
sequentially or by changing the sequence, without an exposure 
to the atmosphere, has been disclosed in the following 
publications . 

• Japanese Patent Application Unexamined Publication No. 
5-182923; after thermally processing an amorphous 
semiconductor thin film, a laser beam is irradiated without 
an exposure to the atmosphere. 

• Japanese Patent Application Unexamined Publication No. 
7-99321; a substrate having a laser crystallized poly- 
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crystal silicon thin film is carried to a plasma 
hydrogenation and gate insulation film forming processes 
without exposing the substrate to the atmosphere, 

• Japanese Patent Application Unexamined Publication No. 
9-7911; a substrate having a laser crystallized poly-crystal 
silicon thin film is carried to a gate insulation film 
forming processes without exposing the substrate to the 
atmosphere. 

• Japanese Patent Application Unexamined Publication No. 
9-17729; a substrate having a laser crystallized poly- 
crystal silicon thin film is carried to a gate insulation 
film forming processes without exposing the substrate to the 
atmosphere, thereby preventing an adhesion of an impurity 
to the surface of the poly-crystal silicon. 

• Japanese Patent Application Unexamined Publication No. 

9- 148246; a formation of an amorphous silicon thin film, a 
laser crystallization, a hydrogenation, and a formation of 
a gate insulation film are carried out continuously without 
an exposure to the atmosphere, 

• Japanese Patent Application Unexamined Publication No. 

10- 116989; a formation of an amorphous silicon thin film, 
a laser crystallization, a hydrogenation, and a formation 
of a gate Insulation film are carried out continuously 
without an exposure to the atmosphere. 

• Japanese Patent Application Unexamined Publication No. 
10-149984; a formation of an amorphous silicon thin film, 
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a laser crystallization, a hydrogenation , and a formation 
of a gate insulation film are carried out continuously 
without an exposure to the atmosphere. 
• Japanese Patent Application Unexamined Publication No, 
5 11-17185; a formation of an amorphous silicon thin film, a 

laser crystallization, a formation of a gate insulation film, 
and a formation of a gate electrode are carried out 
continuously without an exposure to the atmosphere. 

The ideas and techniques shown in these publications have 
10 been devised so as to solve a problem that, as the surface of 
*Jf silicon formed by a laser crystallization is very active, 

impurities are easily adhered to the silicon surface when the 
4= surface is exposed to the atmosphere, and as a result, 

ft 5 

m characteristics of a TFT are deteriorated or the 

yi 

15 characteristics are varied. 

In order to evaluate the above -described techniques, the 
M applicants have implemented an excimer laser crystallization 

SSS'S 

: » £ 

p technique and a silicon oxide thin-film forming technique on 

the same device (Including conveyance of a substrate to another 

20 device without an exposure to the atmosphere) , and have compared 
the performance of a finished product with that manufactured 
by involving an exposure to the atmosphere • As a result , a large 
effect has been confirmed in the improvement of a product yield 
due to the effect of preventing an adhesion of dusts and 

2 5 particles. On the other hand, it has been confirmed that it 
is also possible to obtain a similar effect to that obtained 
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by increasing the clean level of a clean room environment . 

For improving the product yield, there Is obtained a 
largest effect when a substrate cleaning mechanism is built into 
the same device compared with an effect obtained from the 
5 film- forming device. For example, during a film- forming 
process, particles may be adhered to the surface of the 
substrate according to a condition of forming a- Si. This 
required the a-Sl to be once released to the atmosphere to have 
a cleaning process. On the other hand, looking at the 

10 performance of a thin-film transistor, there has been no 
remarkable difference between the manufacturing processes. 
The reason is considered as follows . 

The present applicants have disclosed a fixed oxide film 
charge density (10 11 to 10 12 cm* 2 ) of a silicon oxide film that 

15 is formed by using a plasma at temperatures around 300 to 350 
°C and a silicon oxide film formed by a thermal treatment of 
around 600 °C, and an Interface state density (up to 6 x 10 10 
cm" 2 eV~ 2 ) between a silicon oxide film and a silicon substrate 
in the following paper, for example; K. Yuda et al. , 

20 "Improvement of structural and electrical properties in 

low -temperature gate-oxides for poly-Si TFTs by controlling 
0 2 /SiH 4 ratios'", Digest of technical papers, 1997 international 
workshop on active matrix liquid crystal displays, September 
11-12, 1997, Kogakuin Univ. , Tokyo, Japan, 87 (a publication 

25 5 ) . In this case, a silicon substrate Is generally cleaned by 
what is called an RCA cleaning using an acid (hated according 
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to the need) cleaning liquid such as sulfuric acid/ hydrogen 
peroxide water, hydrochloric acid/hydrogen peroxide 
water /water, ammonium/ hydrogen peroxide water /water, 
hydrofluoric acid/water. The silicon substrate Is then washed 
and is introduced into a film-forming device. Therefore, the 
interface state density value is obtained from a sample of a 
single -crystal silicon substrate that has been clean -interface 
formed (cleaned) and then exposed to the atmosphere and shifted 
to a film-forming process. 

A trap state density which is the other density of a laser 
single-crystal silicon film will be focused. The present 
applicants have disclosed a trap state density (10 12 to 10 13 cm* 2 ) 
in a crystallized silicon film from a thin-film transistor 
having a laser crystallized silicon film in, for example, a 
paper written by H. Tanaka et al., "Excimer laser 
crystallization of amorphous silicon films", NEC Resource and 
Development magazine, vol- 35, (1994), 254, ( a publication 6 ) . 
The field-effect mobility of these transistors shows 
satisfactory characteristics like 40 to 140 cm 2 /Vsec. 

When the trap state density of the silicon film is compared 
with the interface state density (or a fixed oxide film charge 
density) , it Is clear that the trap state density value is larger . 
In other words, it has been made clear that in order to obtain 
the effect of cleaning in the sample obtained by forming a 
silicon film/gate Insulation film within the same device 
without an exposure to the atmosphere, the performance (trap 
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state density) of tne silicon film Is not sufficient . 

As a means for forming a satisfactory gate insulation film 
by reducing plasma damage in the field relating to the present 
invention, there has been proposed a remote plasma CVD (chemical 
vapor deposition) method. For example, a structure having a 
plasma generating chamber and a substrate processing chamber 
disposed separately is disclosed in Japanese Patent Application 
Unexamined Publication No. 5-21393. It is considered possible 
to achieve the above -described low fixed oxide film charge 
density (10 u to 10 l * cm* 31 ) and the low interface state density 
(up to 6 x 10 10 cm* 2 eV~ 2 )* However, as described above, there 
has been a problem that this effect is limited by the performance 
of the silicon film formed in advance. 



SUMMARY OP THE INVENTION 

The present invention has been made to overcome the 
problems described in detail above. 

An object of the present invention is to provide a method 
of forming a semiconductor film having a small trap state 
density at a desired position on a substrate with reliability. 

Another object of the present invention Is to provide a 
method of forming a single-crystal semiconductor film at a 
desired position on a large-area substrate in good 
reproducibility . 
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Still another object of the present invention is to 
provide a method of forming a single-crystal semiconductor film 
at a desired position on a substrate so as to form a field effect 
transistor having a satisfactory semiconductor- insulation 
5 film interface or excellent characteristics - 

According to the present invention , a method for forming 
a first-property semiconductor film at a desired position on 
a substrate, Includes the steps of: a) preparing the substrate 
having a second-property semiconductor film formed thereon; b) 
10 preparing an optical mask having a predetermined pattern; c) 
^ relatively positioning a projection area of the optical mask 

at the desired position on the substrate; and d) irradiating 

j== 

£ the desired position of the second-property semiconductor film 

with laser light through the optical mask to change an 

~* 15 irradiated portion of the second-property semiconductor film 
to the first -property semiconductor film. The method further 

M Includes the step of forming an insulation film on at least the 

ass- 
I II 

f« first -property semiconductor film. 

~ 5 The substrate may have an alignment mark previously formed 

20 thereon, wherein the alignment mark is used to position the 
projected area of the optical mask in the step (c). 
Alternatively, the optical mask has an alignment mark pattern, 
wherein, in the step (d), an alignment mark corresponding to 
the alignment mark pattern is formed, wherein the alignment mark 
25 is visible due to a difference in optical characteristic between 
the first -property semiconductor film and the second-property 
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semiconductor film. Therefore, a positioning process after 
the step (d) can be performed with reference to the alignment 
mark . 

Therefore, a positioning operation can be carried out 
using the alignment mark, for a photolithography process, an 
etching process, and a process of removing a part of the 
laminated film of the semiconductor thin film from the 
substrate . 

Preferably, the first-property semiconductor film is a 
single-crystal semiconductor film and the second-property 
semiconductor film is an amorphous semiconductor film. 

The method further Includes a step of forming an island 
comprised of the insulation film and the single -crystal 
semiconductor film by a patterning process, wherein the 
single-crystal semiconductor film of the island is used for 
source, drain, and channel regions of a field effect transistor. 

Since the single-crystal semiconductor film can be formed 
by light irradiation at a desired position on a substrate, a 
field effect transistor such as a thin film transistor for use 
in a large- area LCD panel can be easily formed at a desired 
position with reliability. 

The present invention also provides a semiconductor thin 
film structured by a laminated film including a semiconductor 
thin film that is formed on a substrate and that has a mixture 
of an area exposed by a light irradiation and an area not exposed 
by a light irradiation, and an insulation film that has a 
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different component from that of the semiconductor thin film 
and is formed on the surface of the semiconductor thin film. 

Further, the present invention takes a structure that a 
part of the laminated film has been removed from the substrate. 
5 Further, the present invention takes a structure that the 

area exposed by a light Irradiation and the area not exposed 
by a light irradiation have different optical colors . 

Further, the present invention takes a structure that a 
predetermined alignment mark is provided on the substrate , and 

10 an area determined with reference to this alignment mark can 
be exposed by a light irradiation. According to the above - 
described structure, it is possible to form a silicon thin film 
that has been changed by exposure at a desired position under 
a desired exposure condition by determining an exposure area 

15 with reference to an alignment mark provided in advance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing one example of a 
structure of a conventional pulse laser beam irradiator; 

Figs- 2A-2C are timing charts for explaining three 
20 conventional operation methods, respectively; 

Fig. 3 is a diagram for explaining one example of a 
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distribution of intensities of continuous laser beam pulses; 

Fig* 4 Is a graph showing a temperature change of a silicon 
film with respect to time; 

Fig. 5 is a waveform diagram showing a laser beam pulse 
intensity waveform; 

Fig . 6 is a diagram showing one example of a relationship 
between irradiation intensity and cooling rates; 

Fig. 7 is a diagram showing an example of experimental 
values of a silicon thin film temperature change; 

Fig. 8 shows electronic microscope pictures for 
explaining a crystal state of a laser recrystallized silicon 
thin film corresponding to each irradiation intensity and 
number of irradiation; 

Fig. 9 is a diagram showing a maximum cooling rate and 
a cooling rate near a solidification point after a second pulse 
has been input ; 

Fig. 10 is a diagram showing a schematic layout of an 
aligner having a compressed-projection optical system, which 
is used to form a semiconductor film according to a first 
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embodiment of the present invention 

Fig. 11 Is a diagram showing a structure of an alignment 
mechanism in the aligner of Fig. 10; 

Flg. 12A is a plan view of an example of a mask, pattern 
5 for explaining an operation of the aligner ; 

Fig. 12B is a plan view of an exposed silicon film using 
the mask pattern as shown in Fig. 12A; 

Fig. 12C is a sectional view of the substrate having the 
silicon film exposed by using the mask pattern as shown in Fig. 

10 12A; 

Fig. 12D is a plan view of the silicon film subjected to 
etching after the exposure as shown in Fig. 12B; 

Fig. 12E is a sectional view of the substrate having the 
silicon film exposed by using the mask pattern as shown in Fig. 
15 12A; 

Fig. 13A is a timing chart of a first example of control 
operation in the aligner; 

Fig. 13B is a timing chart of a second example of control 
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operation In the aligner; 

Fig. 14 is a side cross -sectional view of a semiconductor 
thin- film forming system, which is used to form a thin film 
transistor according to the present invention; 

Fig. 15 is a top plan view of the semiconductor thin- 
film forming system of Fig- 14; 

Fig, 16 is a diagram schematically showing a structure 
of a plasma CVD chamber in the semiconductor thin-film forming 
system of Fig. 14; 

Figs. 17A-17G are process flow diagrams showing a 
manufacturing process of a thin-film transistor according to 
a second embodiment of the present invention; 

Figs • 18A and 18B are process flow diagrams showing 
another example of the manufacturing process of a thin-film 
transistor according to the second embodiment of the present 
invention ; 

Figs. 19A-19G are process flow diagrams showing a 
manufacturing process of a thin-film transistor according to 
a third embodiment of the present invention; 
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Figs. 20A and 20B are process flow diagrams showing 
another example of the manufacturing process of a thin -film 
transistor according to the third embodiment of the present 
invention; 

Figs. 21A-21G are process flow diagrams showing a 
manufacturing process of a thin-film transistor according to 
a fourth embodiment of the present invention; and 

Figs, 22A and 22B are process flow diagrams showing 
another example of the manufacturing process of a thin-film 
transistor according to the fourth embodiment of the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig, 10, an exposing system or an aligner 
according to the present invention is provided with a first 
excimer laser ELI and a second excimer laser EL2, which are both 
capable of emitting ultraviolet (UV) pulse beams. The 
respective beams emitted from the first and second excimer 
lasers ELI and EL2 are guided to ahomogenizer opt20 ' via mirrors 
opt3 . The homogenizer opt20' homogenizes a spatial intensity 
of the beams so that a beam Intensity profile becomes in a desired 
homogeneity, for example, an in-plane distribution ± 5 % at an 
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optical mask opt21* Original beams supplied from the excimer 
lasers may have their intensity profiles or total energy changed 
among pulses* Therefore, it is preferable to provide a 
mechanism for homogenizing them to avoid variance among pulses . 
5 As a homogenizer, a one having a fly eye lens or a cylindrical 
lens has been generally used. 

The beams homogenized by the homogenizer opt20 ' are guided 
to the optical mask opt21 via a mirror opt3 and a lens opt4. 
The optical mask opt 21 shapes the beams into a desired pattern 

10 and the shaped optical pattern reaches a substrate subO disposed 
within a vacuum chamber CO via a compressed-projection optical 
system opt23 ' and a laser beam introduction window WO . In other 
words, the substrate subO is irradiated with the laser beams 
defined by the optical pattern of the optical mask opt21. 

15 The substrate subO is mounted on a substrate stage SO In 

the vacuum chamber CO. It is possible to irradiate the optical 
pattern on a desired area (here, a pattern transfer area exO) 
by operating the substrate stage SO. 

Although the compressed-projection optical system opt23 ' 

20 is provided in Fig. 1, it is possible to carry out a projection 
in the equal magnification or an enlarged magnification when 
the condition matches . A laser beam irradiation is carried out 
on a desired area on the substrate subO by operating the 
substrate stage SO in X-Y directions- The optical mask opt21 

25 is mounted on a mask stage (not shown). It is also possible 
to operate the beam which is irradiated onto a desired surface 
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of the substrate by moving the optical mask opt21 when the moving 
range is within the area where an exposure is possible, 

A mechanism necessary for irradiating a desired optical 
pattern onto a substrate under a desired condition will be 
5 explained next ♦ 

For adjusting an optical axis, a fine adjustment Is 
necessary. Therefore, in order to avoid a repeated adjustment, 
there will be explained a method of adjusting a position of the 
substrate by fixing a once-adjusted optical axis* For setting 
10 a substrate irradiation surface with respect to an optical axis , 
.jj it is necessary to correct a position in a focus direction (Z) 

"f* and a degree of the perpendicular with respect to an optical 

J" axis. Therefore, among a £?xy-tilt correction direction, a 0 

01 xz-tilt correction direction, a 0yz-tilt correction direction, 

s 15 an exposure area moving direction X, an exposure area moving 
TJ= direction Y, and a focusing direction Z as shown in Fig. 10, 

H; the perpendicular degree with respect to an optical axis is 

O corrected by adjusting the 0xy-tilt correction direction, the 

#xz-tilt correction direction, and the f?yz-tllt correction 
20 direction- Further, by adjusting in the focusing direction Z, 
it is possible to control so that the substrate irradiation 
surface is disposed at a position that matches the depth of focus 
of the optical system. 

Fig. 11 shows an alignment mechanism of the substrate subO . 
25 The optical mask opt21, the compressed-projection optical 

system opt2 3, and the laser beam introduction window WO are 
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disposed in parallel in sequence along an exposure axis L0, as 
shown in Fig, 11. The substrate subO disposed witliin the vacuum 
chamber CO is disposed on a heater having a substrate adsorbing 
mechanism HO and above a XYZ- 6 xy, 6 xz , 9 yz stage SO ' . Although 
5 a vacuum chamber is used,, it is preferable that an actual optical 
irradiation is carried out in an atmosphere of an inert gas, 
hydrogen, oxygen or nitrogen that has been displaced and filled 
after a vacuum exhaust. The pressure of this gas atmosphere 
may be around the atmospheric pressure. 
10 When the heater having a substrate adsorbing mechanism 

HO is used, it is possible to set a substrate heating condition 
f: to within a range around a room temperature to 400 °C at the 

4~ time of light irradiation. When the gas pressure is set to 

Oi around the atmospheric pressure, it is possible to adsorb the 

s 15 substrate by a vacuum chucking function. Therefore, it is 
^3 possible to prevent a deviation even if the substrate stage has 

^ moved within the chamber. Further, even if there is some camber 

O or a flexure on the input substrate, the substrate can be 

securely fixed to the substrate stage. Further, it Is also 
2 0 possible to restrict a deviation of the depth of focus due to 
a camber or a flexure of the substrate caused by the heating 
to a minimum. 

In Fig. 11, laser beam interferometers il and 12 carry 
out an alignment and a precision measurement of a Z -direction 
2 5 position of the substrate via a length-measuring window W-i and 
a length-measuring mirror opt-1. For carrying out the 
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alignment, an alignment mark provided on the substrate is 
measured by using an off -axis microscope mO, a microscope light 
source Lm and a microscope element opt-m. A desired exposure 
position can be measured by using substrate position 
information from the laser beam interf erometers . 

Although the application of the ^Of f -axis Method" is shown 
in Fig. 11, it is also possible to apply the "Through The Lens 
Method" and the "Through The Mask (Reticle) Method" . It is also 
possible to use a method of averaging measurement errors 
occurring at the time of measuring, by determining linear 
coordinates from a plurality of measuring points using the 
method of least squares. 

Figs. 12A-12E are explanatory views showing a 
relationship between a mask pattern and an alignment mark. A 
mask is structured by a non-exposing portion maskl and an 
exposing portion mask2 . When an excimer laser is used as a light 
source, for example, a metal like aluminum, chrome or tungsten 
and a film that absorbs and reflects ultraviolet rays like a 
dielectric multi-layer film are formed on a quartz substrate 
through which ultraviolet rays are transmitted- Then, a 
predetermined pattern is formed by using photolithography and 
an etching technique. Ultraviolet rays are irradiated onto a 
silicon film according to a desired transmission pattern (a 
white portion in Pig. 12A) on the mask, and an exposed Si portion 
Si2 is formed within a non-exposed Si Sil as shown in Fig. 12B. 
In the case of a mark (mark2) previously formed on the substrate 
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subO as shown In Figs. 12B and 12C, beams are irradiated after 
an alignment adjustment so that a mark (markl) on the mask 
matches the mark2 . This makes it possible to Irradiate beams 
onto only a specific area (position) designed in advance on the 
5 silicon thin film. 

In the thin- film- transistor forming process using the 
silicon thin film, at a first stage (a first process) where the 
exposure process requires a positioning (that is, when an 
alignment mark has not yet been formed in advance) , when an 

10 exposure forming mark (mark3) is exposed at the same time as 
when beams are irradiated onto the silicon thin film, it is 
possible to form an alignment mark utilizing an optical 
difference between a- Si and crystalline Si, An alignment mark 
that can sufficiently function for practical application can 

15 be obtained based on a hue difference between the a- Si and the 
crystalline Si. 

Using the alignment mark obtained in the above manner, 
a photolithography or the like is carried out in the later 
process. Therefore, it is possible to sequentially obtain 

20 transistors, desired mechanisms, or function blocks by 

accurately positioning in a single -crystalline area that has 
been exposed to the beams. Figs. 12D and 12E show a state that 
a Si oxide film has been formed on the silicon thin film after 
the exposure process, and a desired area of the silicon layer 

2 5 has been removed by etching. A Si -removed area S13 is an area 
where a laminated silicon film and a Si oxide film have been 
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removed by etching, A Si oxide film Si5 has been laminated on 
the non-exposed Si portion Sil and the exposed Si portion Si2. 
By forming an island- shaped structure consisting of a silicon 
film covered with the oxide film, it is possible to form channel . 
5 source and drain areas of thin-film transistors that are 
electrically separated from each other and a mark that is 
necessary for the alignment at later processes . 

Referring to Fig, 13A, the substrate is moved to a desired 
exposure position by operating the substrate stage. Next, the 

10 focusing and alignment adjustment are carried out to fine- 
adjust the exposure position. In this case, the adjustment is 
carried out within a desired set error precision of about 0.1 
Urn to 100 Mm, for example. After this positional adjustment 
has been completed, a light Irradiation onto the substrate is 

15 carried out . At point of time when a series of these operations 
have been finished, the substrate is moved to match the next 
exposure position. Then, beams are irradiated onto all the 
necessary positions on the substrate. After finishing the 
irradiation onto all the necessary positions, the substrate is 

20 replaced with the next one, and a series of similar 

predetermined operations are carried out on the next substrate. 

Referring to Fig. 13B, after the substrate is moved to 
a desired exposure position by operating the substrate stage, 
the focusing and alignment adjustment are carried out to 

25 fine-adjust the exposure position. In this case, the 

adjustment is carried out within a desired set error precision 
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of about 0.1 Mm to 100 Urn, for example. After this operation 
has been completed, a move of the mask stage is started, in 
this control procedure, in order to avoid a variance in a move 
step at the starting time, a light irradiation onto the 
5 substrate is started after the mask stage movement has been 
started- Since beams are irradiated onto a position apart from 
the alignment position based on the move of the stage, it is 
of course needless to mention that it is necessary to take into 
account the offset in advance, 

10 It Is also possible to start the operation of the light 

source earlier than the light irradiation onto the substrate, 
then open the shutter and carry out the light irradiation onto 
the substrate at a point of time when the output intensity of 
the light source has been stabilized. It has been known that 

15 the first several tens of pulses are particularly unstable in 
the case of such a control method that an exclmer laser Is used 
as a light source and the oscillation period and the stop period 
are repeated. When it is not desired to irradiate these 
unstable laser beam pulses, it is possible to take a method of 

20 interrupting beams in synchronization with the operation of the 
mask stage. At point of time when a series of these operations 
have been finished, the substrate is moved to the next exposure 
position. Then, beams are irradiated onto all the necessary 
positions on the substrate. After finishing the irradiation 

25 onto all the necessary positions , the substrate is replaced with 
the next one, and a series of similar predetermined operations 
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are carried out on the next substrate. 

An experimental example will be described . Beams of 2 
Urn x 50 Mm have been irradiated onto an a-Si thin film having 
a film thickness 75 nm to scan the film in a short axis direction 
at a pitch of 0.5 Mm. One light source is used, and a laser 
beam irradiation intensity is set to 470 mJ/cm 2 on an irradiated 
surface. As a result, a single -crystal silicon thin film 
continuous In a scanning direction has been obtained. Further, 
a second light source is used and a laser beam irradiation 
Intensity is set to 150 mJ/cm 2 on an irradiated surface. The 
second beam has been irradiated by delaying 100 nsec. As a 
result, a single-crystal silicon thin film continuous in a 
scanning direction has also been obtained even under a scanning 

pitch condition of 1.0 Um. A trap state density in the 
crystallized silicon film showed a lower value than 10 12 cm" 

Referring to Fig. 14, a semiconductor thin-film forming 
device is constructed of a plasma CVD chamber C2, a laser beam 
irradiation chamber C5 and a substrate carrying chamber C7 . It 
is possible to carry a substrate via gate valves GV2 and GV5 
under an atmosphere of an inert gas, nitrogen, hydrogen or 
oxygen in vacuum, and also in a high-vacuum state, or at a reduced 
pressure or at an increased pressure, without exposing the 
substrate to the atmosphere outside the device. In the laser 
beam irradiation chamber C5, the substrate is placed on a 
substrate stage S5 that can be heated up to about 400 °C by using 
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a chucking mechanism. 

In the plasma CVD chamber C2, the substrate is placed on 
a substrate holder S2 that can be heated up to about 400 °C. 
This example shows a state that the substrate has been guided 
into the laser beam irradiation chamber C5 in a state that a 
silicon thin film Sil has been formed on a glass substrate SubO , 
the silicon thin film Sil has been changed into a crystalline 
silicon thin film Si2 by irradiating laser beams onto a desired 
area thereof, and the substrate SubO having the crystalline 
silicon thin film thereon has been carried to the plasma CVD 
chamber C2 . 

Laser beams introduced into the laser beam irradiation 

chamber C5 are guided as follows . Beams emitted from an excimer 

laser ELI and an excimer laser 2 EL2 are each indicated by a 

first beam line LI and a second beam line L2« The beams reach 

a substrate surface via a laser beam combining optical device 

» 

optl composed of a mirror optll and a transmission mirror optl2 , 
a laser beam irradiation optical device opt2 composed of a 
homogenlzer opt20, an optical mask opt21 fixed to an optical 
mask stage opt 22 , a projection optical device opt 23 , and a laser 
beam introduction window Wl provided on the laser beam 
Irradiation chamber C5, Although two excimer lasers are shown 
in this example, it Is also possible to install a desired number 
of excimer lasers (at least one excimer laser) as a light source. 
The light source is not limited to the excimer laser, but it 
is also possible to supply light in a pulse state by using a 
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pulse laser such, as a C0 2 gas laser, a YAG laser or a combination 
of a CW light source such as an argon laser and a high-speed 
shutter. 

On the other hand, in the plasma CVD chamber C2, a plasma 
D2 is formed by an RF electrode Dl and a plasma closing electrode 
D3 at a position away from an area where the substrate is disposed . 
It is possible to form a silicon oxide film on the substrate 
by supplying a silane gas to the plasma generating area by using, 
for example, oxygen and helium and a material gas introducer 

D4 . 

Referring to Fig, 15, a load/unload chamber CI, a plasma 
CVD chamber C2, a substrate heating chamber C3, a hydrogen 
plasma processing chamber C4, a laser beam Irradiation chamber 
C5, and a substrate carrying chamber C7 are connected together 
via gate valves GV1 to GV6 , respectively. Laser beams supplied 
from the first beam line LI and the second beam line L2 are 
irradiated onto the substrate surface via the laser beam 
combining optical device optl, the laser beam irradiation 
optical device opt2 and the laser beam introduction window Wl . 
The respective process chambers and carrying chambers have gas 
introduction devices gasl to gas7 and ventilators ventl to vent7 
connected to them respectively, so that a supply of a desired 
kind of gas, a setting of a process pressure, and ventilation 
and vacuum are adjusted. As shown by dotted lines, substrates 
sub6 and sub2 are disposed in the laser beam irradiation chamber 
C5 and the plasma CVD chamber C2, respectively . 
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Referring to Fig. 16, electric power that is preferably 
a frequency of 13-56 MHz or above is supplied from a high- 
frequency power source RF to a high-frequency electrode PI. 
Plasma is formed between the high-frequency electrode PI and 
5 an electrode P2 having gas supplying holes. Reactively- 

generated radicals pass through the electrode P2 having the gas 
supplying holes and are guided to an area where a substrate is 
disposed. A separate gas is introduced by a plane gas 
introducer P3 without being exposed to the plasma, and a thin 

10 film is formed on a substrate sub2 by chemical vapor deposition. 
A substrate holder S2 is designed to be heated to a room 
temperature to about 500 °C by a heater or the like. As shown 
in Fig - 16 , a silicon oxide film can be formed by reacting oxygen 
radicals with a silane gas by operating the ventilator ven2, 

15 the gas introducer gas2, an oxygen line gas21, a helium line 
gas22 , a hydrogen line gas23 , a silane line gas24 , a helium line 
gas 25, and an argon line gas 26, 

A film has been formed under condition of a substrate 
temperature 300 °C, a pressure 0.1 torr, RF power 100 W, a silane 

20 flow rate 10 seem, an oxygen flow rate 400 seem, and a helium 
flow rate 400 seem. As a result, it has been showed that it 
is possible to form a silicon oxide film having satisfactory 
characteristics of a fixed charge density of silicon oxide film 
(5 x 10 u cm* 3 ). When the oxygen flow rate is set higher than 

25 the silane flow rate , It is possible to form a satisfactory oxide 
film. As the plasma CVD chamber, instead of using the parallel 
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plate RF plasma CVD device, it is also possible to use a method 
not utilizing a plasma such as a reduced-pressure CVD or a 
normal -pressure CVD, or a plasma CVD method using microwaves 
or ECR (Electron Cycrotron Resonance) effect. 

The following table 1 shows an example of kinds of gas 
that are necessary when the plasma CVD device shown in Fig. 16 
is used for forming a thin film other than a silicon oxide film. 



TABLE 1 





S102 


S13N4 


Si 


SI 


Hydrogenizing 


Gas21 


02 


N2 








Gas22 


He 


Ar 




Ar 




Gas 2 3 






H2 


H2 


H2 


Gas 2 4 


S1H4 


S1H4 


S1H4 






Gas 2 5 


He 


Ar 




Ar 




Gas26 








SiF4 





For forming a silicon nitride film (S1 3 N 4 ) , it is possible 
to use N 2 (nitrogen) (or ammonium) and Ar (argon) as its carrier 
gas, and SiH 4 (sllane) and Ar (argon) as its carrier gas . For 
forming a silicon thin film, it is possible to use material gases 
such as H 3 (hydrogen) and silane, or hydrogen and Argon as its 
carrier gas and SiF 4 ( silanetetraf luoride and argon as its 
carrier gas ) . It is also possible to carry out a hydrogen plasma 
processing of a silicon thin film or a silicon oxide film by 
utilizing a hydrogen plasma, although this is not a film- forming 
process . 

Figs. 17A-17G show a TFT forming process according to a 
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semiconductor thin- film forming method of the present 
Invention. 

Referring to Fig. 17A, on a glass substrate subO from which 
organic materials, metals and fine particles have been removed 
5 by cleaning, a substrate cover film Tl and a silicon thin film 
T2 are sequentially formed. As the substrate cover film, a 

silicon oxide film is formed by 1 Mm at 450 °C using silane and 
an oxygen gas as materials by the LPCVD (low-pressure chemical 
vapor deposition) method. By using the LPCVD method, it is 

10 possible to cover a whole outer surface of the substrate 

excluding the substrate holding area (not shown) . It is also 
possible to utilize plasma CVD using TEOS ( tetraethoxysilane) 
and oxygen as materials, a normal -pressure CVD using TEOS and 
ozone as materials, or the plasma CVD as shown in Fig. 16. A 

15 material that can prevent a dispersion of impurities that are 
harmful for a semiconductor device and are Included in a 
substrate material (a glass having an alkali metal 
concentration that has been reduced to a minimum, a quartz glass 
of which surface has been ground, etc) is effective as a 

2 0 substrate cover film. A silicon thin film is formed in a 

thickness of 75 nm at 500 °C by using a disilane gas as a material 
by the LPCVD . In this case, a hydrogen atom density included 
in the film becomes 1 atom % or below. Therefore, it is possible 
to prevent a roughening of the film due to a discharge of hydrogen 

25 in the laser beam irradiation process. It is also possible to 
form a silicon thin film having a low hydrogen atom density by 
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adjusting a substrate temperature, a hydrogen/ si lane flow rate 
ratio, a hydrogen /silanetetraf luorlde flow rate ratio, etc. 
based on the plasma CVD method shown in Fig. 16 or a widely used 
plasma CVD method. 

Referring to Fig. 17B, the substrate prepared in the above 
process Is cleaned for removing organic materials , metals , fine 
particles and surface oxide film. Then, the substrate is 
introduced into the thin-film forming device of the present 
invention. A laser beam LO is irradiated onto the silicon thin 
film to reform the film into a crystallized silicon thin film 
T2 ' . The laser crystallization is carried out In the atmosphere 
of a high-purity nitrogen of 99,9999 * or above at 700 torr or 
above . 

Referring to Fig. 17C, after exhausting gas, the substrate 
after finishing the above process is conveyed to a plasma CVD 
chamber via a substrate carrying chamber. As a first gate 
insulation film T3 , a silicon oxide film is deposited to have 
a film thickness of 10 nm at a substrate temperature 350 degrees 
using silane, helium and oxygen as material gases. Then, as 
necessary, the hydrogen plasma processing or heat annealing is 
carried out. The processing up to this stage is carried out 
by the thin-film forming device of the present invention. 

Referring to Fig. 17D, an Island of a laminated film of 
a silicon thin film and a silicon oxide film is formed by using 
photolithography and etching process. It is preferable to 
select an etching condition that an etching rate of a silicon 
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oxide film Is higher than that of a silicon thin film. As 
described later, it is possible to provide a thin-film 
transistor having high reliability that can prevent a gate 
leakage, by forming pattern cross sections in step-like shape 
5 (or in a tapered shape) . 

Referring to Fig. 17E, the substrate is cleaned to remove 
organic materials, metals and fine particles. Then, a second 
gate insulating film T4 is formed to cover the islands , In this 
case, a silicon oxide has been formed to have a film thickness 

10 of 30 rim at 450°C by using silane and an oxygen gas as material 
gases by the LPCVD method. It is also possible to utilize a 
plasma CVD using TEOS ( tetraethoxysllane) and oxygen as 
materials , a normal-pressure CVD using TEOS and ozone as 
materials, or a plasma CVD as shown in Fig. 16 • Next, as a gate 

15 electrode, a n+ silicon film Is formed by 80 nm and a tungsten 
silicide film is formed by 110 nm. It is preferable that the 
n+ silicon film is a crystalline phosphorus -doped silicon film 
formed by using plasma CVD or LPCVD method. Then, a patterned 
gate electrode T5 Is formed via photolithography and etching 

20 process. 

Referring to Fig, 17F, impurity injection areas T6 are 
formed by using the gate electrode T5 as a mask. In the case 
of forming a CMOS type circuit, an n-channel TFT that requires 
an n+ area and a p- channel TFT that requires a p+ area are formed 
25 separately by using photolithography. It is possible to employ 
a method such as an ion doping method that does not carry out 
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a mass separation of injected impurity ion, an ion injection 
method, a plasma doping method, a laser doping emthod, etc. In 
this case, an impurity is introduced after this film has been 
removed from the surface* Depending on a usage or an Impurity 
5 introducing method, an impurity is introduced in a state that 
a silicon oxide film is left on the surface or after this film 
has been removed from the surface. 

Referring to Fig, 17G, lnter-layer separation insulation 
films T7 are deposited, and contact holes are opened. Then, 

10 metals are deposited, and metal interconnections T8 are formed 
by photolithography and etching process. As an inter-layer 
separation insulation film, it is possible to use TEOS oxide 
film, silica coating film or organic coating film that can be 
formed in a planar shape. The contact holes are formed by 

15 photolithography and etching process. For a metal line for 
wiring, aluminum or copper that has low resistance, or an alloy 
metal produced by alloying these metals, or a high-fusing point 
metal such as tungsten or molybdenum can be used. Based on the 
above-described processes, it is possible to form hlgh- 

20 performance and high-reliability thin-film transistors. 

Referring to Fig. 18A, after the patterned gate electrode 
T5 has been f oxmed as shown in Fig. 17E, impurity injection areas 
T6 ' are formed by using the gate electrode T5 as a mask in a 
state that a silicon oxide film is left on the surface. 

25 Referring to Fig. 18B, inter-layer separation insulation 

films T7' are deposited, and contact holes are opened. Then, 
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metals are deposited, and metal Interconnections T8 are formed 

by photolithography and etching process. 

Figs. 19 and 20 show the case that an alignment mark has 

been provided in advance and a laser beam irradiation is carried 
5 out according to the alignment mark. Fig. 21 and 22 show the 

case that an alignment mark is formed at the same time when a 

laser beam is irradiated. Basically, the process is similar 

to that as shown in Figs. 17 and 18. Therefore, only different 

points will be mainly explained, 
10 Referring to Fig. l9A r on a glass substrate subO from which 

J? organic materials , metals and fine particles have been removed 

Y! b Y cleaning, a substrate cover film Tl and a tungsten silicide 

=1= film are sequentially formed. An alignment mark T9 is formed 

Oj by patterning the tungsten silicide film using photolithography 

~ 15 and etching. Next , for protecting the alignment mark T9 , a mark 
^ protecting film T10 is formed and thereafter a silicon thin film 

h* T2 is deposited- 

□ Referring to Fig. 19B, at the time of irradiating a laser 

beam, a desired area is exposed with the laser beam by using 
20 the alignment mark to position the laser beam. Then, it is 
possible to carry out the next alignment using the alignment 
mark T9 formed in advance or an alignment mark (not shown) that 
is formed by a crystallized silicon thin film patterning. 

Referring to Fig . 21A, on a glass substrate subO from which 
25 organic materials, metals and fine particles have been removed 
by cleaning, a substrate cover film Tl and a silicon thin film 



FQ5-475 



45 



T2 are sequentially formed. 

Referring to Fig. 2 IB, an alignment mark T9 ' is formed 
by irradiating the silicon thin film T2 with the beam using an 
optical mask including a part for the alignment mark. In this 
manner, the alignment mark area of the silicon thin film T2 is 
crystallized at the same time when the silicon thin film is 
exposed. 

Referring to Pig. 2 ID, the alignment of photolithography 
is performed utilizing the crystallized alignment mark T9 ' , and 
islands of a laminated film of a silicon thin film and a silicon 
oxide film are formed after etching as described before. 

According to the manufacturing process explained above, 
a beam positioning is carried out using the alignment mark 
formed on the substrate. This has made it possible "to align 
on a desired area with a positioning precision of Urn order or 
above. As a result, it has become possible to minimize 
irradiation of laser beams onto an area that is finally removed 
by etching. Particularly, it has become possible to prevent 
a substrate from being damaged due to a variance in the intensity 
of the light source when the manufacturing process is applied 
to an imaging device like an LCD. It has also become possible 
to prevent a reduction in the picture quality due to a damaged 
substrate . 

A surface of a thin film that has been partly reformed 
by a laser beam irradiation to have a partly active surface, 
is covered with other thin film. With this arrangement, it has 
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become possible to prevent a pollution of and a combining of 
an unnecessary material onto the active surface at a next 
process. As a result, it is possible to obtain thin-film 
transistors of high reliability and high reproducibility. 

By carrying out a reformation of a silicon thin film and 
a formation of an alignment mark at the same time in the laser 
beam Irradiation process, an additional alignment forming 
process is not necessary. This prevents pollution of devices 
and reduces the manufacturing process. As a result, it is 
possible to substantially reduce the manufacturing cost . Thus , 
the invention has large industrial advantages . 

Furthermore, with the above arrangement, it is possible 
to provide a high-performance multi-functional semiconductor 
forming device, a process of manufacturing a high- 
reproducibillty thin-film transistor at low cost, and a 
high-performance thin-film transistor respectively. 
Specifically, it is possible 1) to provide a high- stability 
semiconductor thin-film process that can omit a cleaning 
process using a chemical liquid, 2) to provide a multi- 
functional device capable of processing many stages in the same 
device, which makes it possible to reduce a total plant 
installation area (a space-saving semiconductor process) 9 and 
3) to manufacture a low-cost high-performance thin-film 
transistor of which silicon cleaning surface (interface) can 
be maintained without using a chemical liquid. 

Further, in the above method, an alignment mark is formed 
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by using a color difference between an area that has been exposed 
by the light irradiation and an area that has not been exposed 
by the light irradiation and that has a different optical color 
from that of the exposed area. 

With this arrangement, it is possible to determine a 
device forming region in the subsequent thin- film transistor 
manufacturing process with reference to the semiconductor thin 
film which has been exposed by laser beam irradiation, in this 
case, there exist no materials other than for the semiconductor 
thin film and the insulation film. Therefore, it is easy to 
form a clean semiconductor- insulation film interface. 



